Although there is an extensive literature on the subject of trichomoniasis, reports on the serological investigation of Trichomonas vaginalis infections are scanty and the results inconclusive, the emphasis in serological work having been on bovine infections with Trichomonas foetus rather than on human infections with T. vaginalis.
Although there is an extensive literature on the subject of trichomoniasis, reports on the serological investigation of Trichomonas vaginalis infections are scanty and the results inconclusive, the emphasis in serological work having been on bovine infections with Trichomonas foetus rather than on human infections with T. vaginalis. Riedmuller in 1932 (quoted by Trussell, 1947 tested the sera of a number of women for complement-fixing antibody using T. foetus as antigen. His results were uniformly negative irrespective of the presence or absence of trichomonas infection.
Wendlberger (1936) carried out complement fixation tests with an alcoholic extract of a culture of T. vaginalis as antigen. The culture employed for the production of this antigen contained bacterial contaminants. Positive results were observed in 22 out of 32 sera taken from known cases of trichomoniasis, while 16 sera from apparently healthy women were negative. A series of 400 sera was examined by Trussell, Wilson, Longwell, and Laughlin (1942) by a complement fixation technique with a washed suspension of T. vaginalis as antigen. The test was positive with 52 out of 110 sera from known cases of trichomoniasis (47%). Of 290 " normal " female sera tested, 48 were positive (16%).
The results recorded in the latter two papers provide the only evidence for the occurrence of serum antibodies in human trichomoniasis at present known to the author.
A micro-agglutination technique was introduced in 1941 by Robertson working with T. foetus. This test was shown to give valuable information in the investigation of T. foetus infections of cattle (Kerr and Robertson, 1941; Pierce, 1947) . Trussell (1946) applied a similar technique to human infections with T. vaginalis. Having established that the method would give successful results in experimentally immunized rabbits, 200 human sera were examined, but over 90% of these were recorded as negative and the remainder gave only low titre positive reactions.
Both complement fixation and micro-agglutination methods for the detection of antibody to T. vaginalis were tested in this laboratory, but they gave only weak reactions with human serum.
A new approach to the problem was suggested by the observations of Muniz (1950) , who used a haemagglutination technique similar to that employed by Middlebrook and Dubos (1948) in their studies on tubercle bacilli. He applied it to investigations on trypanosomiasis, sensitizing erythrocytes with a polysaccharide fraction of Schizotrypanum cruzi, and observing lysis rather than agglutination as evidence of positive reactions. An attempt was therefore made to apply the technique of agglutination of sensitized red cells for the detection of circulating antibodies in human trichomoniasis. The results are recorded below. Methods Cultivation of T. vaginalis.-The isolation of T.
vaginalis and its cultivation in laboratory media without bacterial contaminants was formerly a difficult problem. Once antibiotics became available it was soon discovered that the addition of these substances to the medium allowed the protozoa to grow while suppressing the bacterial contaminants. Unfortunately the only media which would give an adequate growth of protozoa contained agar or some other solid constituent which made difficult the harvesting of the organisms after they had grown. This was overcome and satisfactory growth obtained in the absence of the solid component by incubating the cultures anaerobically.
The medium which was found to be most suitable for routine use was a modification of the cysteine-peptoneliver-maltose (C.P.L.M.) media described by Johnson and Trussell (1943) , the agar being omitted and " difco " bacto-tryptose substituted for bacto-peptone; the methylene blue indicator was also omitted. Thus the final composition of the medium was as follows: Bacto-tryptose The vaginal swabs taken from patients were placed in a tube containing about 1 ml. of the above medium. They were then sent directly to the laboratory, or, if this was not convenient, could be incubated at 37°C. overnight without ill effect. On arrival in the laboratory the culture medium was examined for active trichomonads and subcultured to 10 ml. volumes of the same medium; these tubes of media were then incubated anaerobically. Cultures were examined for active flagellates every two to three days and subcultured to fresh medium. After a few passages it was generally possible to obtain a bacteria-free culture of the protozoa. The absence of bacterial contaminants was as a rule evident from the macroscopic -appearance of the culture, the protozoa after three days' incubation giving a fine granularity to the medium quite unlike the turbidity produced when bacteria were present.
When a new strain was isolated in ." pure " culture, subcultures were incubated aerobically and anaerobically to establish that it was in fact free from bacterial contaminants. It was found that if antibiotics were now omitted from the culture medium, poor growth was obtained, and this seemed to be mainly the result of the absence of streptomycin; consequently, antibiotics were incorporated in the medium throughout the investigation.
Preparation of Immune Rabbit Serum.-The trichomonads from 100 ml. of a four-day culture in modified C.P.L.M. medium were deposited by centrifugation and washed three times in saline before being re-suspended in 10 ml. of saline. The average number of organisms now present was estimated by counting in a haemocytometer and found to be approximately 107 per ml.
This suspension was used to immunize a rabbit which had previously been bled to obtain a control sample of serum. Two injections were given intravenously each week for three weeks, beginning with 0.5 ml. in the first week, 1.0 ml. in the second week, and 1.5 ml. in the third week. Four days after the final injection the rabbit was bled and the serum separated.
As a preliminary test both pre-and post-immunization sera were tested for complement-fixing antibodies using as antigen the suspension of trichomonads with which the rabbit had been immunized. This test demonstrated the presence of some antibody in the immune serum, though the titre (1/10) was very much lower than that obtained by Trussell in 1946. Preparation of Antigen and Sensitization of Erythrocytes.-In order to obtain an extract of the trichomonads suitable for sensitizing red cells the standard laboratory methods employed in the grouping of streptococci were tried.
The deposited protozoa from 30 ml. volumes of a three-day culture were washed three times in saline and treated according to the methods described by Lancefield (1933) , Fuller (1938) , and Maxted (1948) . The resulting extracts in a volume of 1.0 ml. were then tested undiluted for their ability to sensitize sheep erythrocytes as demonstrated by the subsequent agglutination of the treated cells by immune rabbit serum.
The attempt to destroy the enzyme in the antigen extract prepared by Maxted's method was unsuccessful, as the erythrocytes were lysed. Serial dilutions of this antigen were tested, and although lysis was eliminated by the dilution of the extract beyond 1/20 nQ agglutination of treated red cells could be observed at any dilution.
The extract prepared by the formamide method (Fuller, 1938) gave the most promising results, agglutination of treated red cells being observed up to a dilution of 1/100 of the immune rabbit serum. There was no agglutination of sensitized cells with the control sample of serum from the same rabbit, or of untreated erythrocytes with the immune rabbit serum.
Having established that the antigen prepared by formamide extraction of the trichomonads would sensitize red cells, titrations were made to determine the highest dilution of the antigen which would produce sensitization.
In When human sera were tested against unsensitized sheep cells it was found that the majority showed the presence of agglutinins to low titre. In otder to avoid having to absorb the sera to remove these heterophile agglutinins before testing with sensitized cells, human group 0 cells were tested in the hope that they could be used in place of sheep cells. This was unsuccessful. Similar attempts to sensitize rabbit erythrocytes or suspensions of bacterial cells were equally unsuccessful. It was decided, thetefore, to continue using sheep cells and to absorb all sera before test with cells from the same sheep. The method of absorption is described later.
Six absorbed human sera from known cases of trichomcniasis and an equal number of control normal sera were tested for their ability to agglutinate sensitized sheep cells. original suspension were then tested against immune rabbit serum. There was only a slight difference observed in the degree of agglutination at the end-point, the same end-point being obtained with the two susp_nsions. It was thus concluded that it would be reasonable to omit the washing and re-suspension of the red cells to be used in routine agglutination tests. controls were included, each containing 0.2 ml. of saline to exclude non-specific agglutination of the two cell suspensions. The contents of the tubes were mixed and the whole test placed in the water bath at 370 C. for 30 minutes.
Although gross agglutination could be detected immediately after the tubes were removed from the water bath, it was necessary to allow the red cells to sediment, completely before the results were finally read. Reading of results was based on the appearance of the plaque of red cells appearing at the bottom of the tube and checked by gentle agitation to re-suspend the agglutinated cells.
An arbitrary system ofnoting the results was employed, the agglutination being recorded as + + + +, + + +, etc., according to the degree observed. The agglutinating titre was taken as the last tube showing at least + + + agglutination.
Results
Altogether 10 " strains " of T. vaginalis have been isolated from patients, but only six of these have been used for the preparation of antigen. The significance of this reaction is not easy to assess. Tokura (1935) observed that the three trichomonads which may occur in human beings, i.e., T. hominis, T. buccalis, and T. vaginalis, gave serologically distinct reactions when tested against immune rabbit serum, but this observation is unconfirmed; however, there remains the possibility that some of the low titre positive results recorded in Table V above may have been due to antibody to one of these strains other than vaginalis, particularly as some low titre positive reactions were obtained when bovine sera containing antibodies against T. foetus were tested against cells sensitized with T. vaginalis antigen.
Although the occurrence of positive results at low titre with the sera of children suggests some non-specific effect, it does not follow that all low titre positives are non-specific. Indeed, it is quite possible that some of the positive results excluded from Table VI are, in fact, weak specific positives. This is borne out by the low incidence of positives in normal women shown in this table, where the recorded 6% is a good deal lower than would be expected considering the general clinical opinion as to the number of women who are symptom-free carriers of T. vaginalis. This has recently been put as high as 24%. If the number of positives recorded in normal women is an underestimate, then it is possible that the same criticism can be applied to the results recorded for " normal " males. While this is an interesting possibility there are no reliable figures against which to test it. It is probably true that T. vaginalis can produce,a symptomless infection in the male and that the treated female can be reinfected in this way. Most venereologists would, I think, agree that such conditions as urethritis and prostatitis occasionally result from infection with T. vaginalis.
Possibly improvements in the antigen employed in the test described above would lead to an increase in the titre obtained with positive sera and, if not entirely excluding non-specific agglutination, at least make the distinction between true and false positives easier.
